PRESIDENT'S ADDRESS By Professor H. P. HIMSWORTH, M.D. ALTHOUGH only some twenty-two amino-acids are available for the construction of all varieties of protein, no two proteins are alike. Not only do those of the different tissues differ from each other but there are subtle species differences between the proteins of the same organ. The tissue differences can be referred, at least in part, to differences in their amino-acid composition; those of the skin, for example, being particularly rich in cystine, those of the wheat germ in glutamic acid. In one instance a species difference has been referred to a similar difference in composition, it having been found that cows' milk contains more arginine, tryptophan and sulphurcontaining amino-acids than human milk (Williamson, 1944) . But, as yet, most species differences are too subtle for detection by chemical analysis and recourse must be had to immunological tests. It would, however, be unjustifiable to assume that all differences between proteins are referable either to the proportions or arrangement of the various amino-acids within the molecule. The classical researches on the pneumococcal antigens-have clearly shown that the protein moiety is common to all these and that the specificity of the different types is dependent upon a characteristic polysaccharide. More recently lipoproteins have been distinguished (Cohn et al., 1944) , and it may well be that, with the development of more delicate methods of separating proteins, species, and perhaps even tissue, differences dependent upon such attached substances may be revealed. Nevertheless the myriads of different proteins formed in Nature are each characteristic and remain true to type. Alterations in the quantity or quality of the dietary protein may influence the amount of the different tissue proteins formed, but they will not apparently induce the body to form imperfect or unusual protein molecules.
This well-established specificity of the different tissue proteins has very naturally led to the tacit assumption that the proteins in the tissues are in a comparatively stable state and to be regarded more as structural elements than as participants in the stream of metabolism on the same plane of activity as carbohydrates and fats. Against the background of this view Folin put forward the conception of endogenous and exogenous metabolism. According to this endogenous protein metabolism was the result of the breakdown through wear and tear of the actual tissues of the body. Exogenous protein metabolism, on the other hand, represented the burning off of the excess of the amino-acids, derived from the dietary protein, after the tissues had abstracted those required for their repair. These views now appear to be mistaken. Far (Schoenheimer, 1942 ).-The NOV.-EXPER. MwED. 1 proteins of the body are boiling with activity yet their characteristics and the structure of the tissues they compose, are preserved in a dynamic equilibrium. Astounding as is this new view it does indicate the explanation of one problem, namely that of "labile body protein".
It has long been known that when a starved animal is fed it retains a significant proportion of the ingested protein and that, on starving the animal again, protein to the amount retained is broken down. Under the old view of endogenous and exogenous protein metabolism such protein should have been stored, just like fat in adipose tissue or glucose as glycogen. But no such stores could ever be demonstrated. All that could be seen was that certain cells, such as the liver parenchyma, enlarged on repletion and shrank on starvation. But their chemical composition as regards protein remained the same. According to the new view the amino-acids from ingested protein are incorporated into the tissues as components of the characteristic proteins of the body. The mass of living protoplasm in the body thus becomes adjusted to the intake of protein. Decrease this and the tissues of the body itself, not hypothetical stores of protein, begin to waste. That is the significance of a nitrogen excretion greater than the intake; that is why such a negative nitrogen balance in illness cannot lightly be dismissed.
REQUIREMENTS FOR PROTEIN AND AMINO-ACIDS A distinction must be drawn between the requirements for a particular protein, when this constitutes the sole or main source of amino-acids, and the requirements for the mixture of proteins in a normal diet. The former is dependent upon the amino-acid composition of the particular protein and is of practical importance only when the protein intake is low either because of illness or shortage of dietary protein. The requirement for mixed protein is, in health and with normal food supplies, largely independent of such considerations for differences in the amino-acid composition of the numerous proteins in a normal diet compensate each other so that the mixture as a whole has an adequate biological value (Macrae, Henry and Kon, 1943) . It is, therefore, possible to consider separately the requirements for proteins in general and the requirements for individual amino-acids in particular.
The requirements for protein in general have largely been determined in reference to growth and the maintenance of weight, and the conclusions drawn from such studies are only valid when considered in relation to the intake of other dietary substances. When protein is the sole food it has to provide not only material for the construction of body tissues but also fuel for their working. Under such conditions the amounts required to promote growth or maintain weight are necessarily large. But, when the diet contains other adequate sources of fuel, ingested protein can largely be devoted to its proper purpose, and of such energy foods carbohydrate is the most efficient "protein sparer" (Lusk, 1917) . This point becomes important when, as in illness, the food intake is low and it is necessary to obtain the maximum benefit from the limited intake of protein which is possible. In ordinary circumstances, however, it can largely be disregarded for, when food supplies are adequate, the natural choice ensures a dietary comprising adequate amounts of energy foods. Then the special problems of protein requirements in health are reduced to determining the extra requirements for growth, pregnancy and lactation. Taking the requirements for adults as the standard the consensus of opinion is that this is of the order of 1 gramme of protein per kilo of body-weight daily. In children, however, 3 grammes/kilo is necessary and intermediate amounts in pregnancy and lactation (McCollum, Orent-Keiles and Day, 1939) . Details of these different requirements are given in the Table constructed by Cuthbertson (1944) from the most recent figures on the subject.
It may well be asked what is the justification for such liberal allowances of protien, and the even higher intakes sanctioned by tradition for such special categories as Secton of Experimental Medicine and Therapeutics soldiers, when many races subsist on much smaller amounts. Long ago Chittenden maintained that intakes of 4 to l gramme of protein per kilo sufficed for adults and certainly limitation of dietary protein short of starvation does not bring growth to a standstill or prevent the inception of lactation or the production of an apparently normal fetus. The question, however, is one not of absolute adequacy or inadequacy, but of optimal or suboptimal nutrition. Comparison of races living on high with those living on low protein diets reveals that the former have better physique, more energy and better health than the latter (Cuthbertson, 1940) . Recent studies in Holland have shown that when the supply of protein is minimal, lactation can be established, and milk of normal composition obtained, but lactation cannot be maintained. Observation in the East on races taking low protein diets revealed that, while the diet appeared adequate under ordinary conditions, additional strain such as pregnancy (Upadhyay, 1944) or infection, precipitated illnesses which either did not occur, or appeared only in a mild form, in races taking larger amounts of dietary protein.
Therefore, although under 'ordinary circumstances gross restrictions of dietary protein are necessary to produce illness, much lighter restrictions may allow such illnesses to appear under strain. Su6h strains are growth, pregnancy, infection, injury and surgical operations. Both physicians and surgeons would do well to bear this in mind when devising pre-operative treatment or supportive measures.
Biologically speaking the individual amino-acids fall into two groups according to whether they must or need not, be supplied in the diet. These groups are called respectively the essential and the non-essential amino-acids. There is a possibility of a misconception arising from this terminology. By the use of tracer elements it has been shown that all the amino-acids, with the possible exception of lysine, can be synthesized within the body, either from the chemical groupings in other amino-acids or from simpler materials (Schoenheimer, 1942) . Apparently, however, the rate of production of ten of the amino-acids is too slow for the needs of the body so that, if normal nutrition is to be maintained, supplementary quantities must be supplied in the food. These have, therefore, come to be regarded as the essential amino-acids but it would be quite unjustifiable to regard the remaining dozen or so of such acids as optional substances which may or may not be incorporated in the body proteins. It may well be that in the future we shall discover conditions in which the demand for an amino-acid, now considered unessential, outstrips its production. Under such circumstances, that amino-acid would be upgraded to the essential category. It is not even certain that all those amino-acids now called essential are always so. Their reputation as such is largely based upon their being necessary for growth and for this threonine, tryptophan, methionine, leucine, isoleucine, valine, lysine, phenylalanine, histidine and arginine are indispensable (Rose, 1938) . But only the first six appear necessary for the maintenance of the adult rat and pheny'alanine can be replaced by tyrosine (Burroughs, Burroughs and Mitchell, 1940; Mitchell, 1942) . These findings have been confirmed for human adults (Rose et al., 1943) , and the indispensability of methionine, threonine, isoleucine and leucine established. There is even evidence that, in protein-depleted men, administration of the ten amino-acids will promote the formation of more protein than intact protein itself (Emerson and Binkley, 1946) . The quantitative requirements of healthy men for the different amino-acids have not yet been ascertained but data are available on the approximate amounts of twelve of these in a diet adequate to maintain health (Melnick, 1943) . It is evident, however, that the requirements differ both qualitatively and quantitatively, at the various stages of development.
Closely connected with the question of essential amino-acids is the conception of "key" amino-acids. When an essential amino-acid is removed from the diet then breakdown of protein is accelerated so that more nitrogen is excreted in the urine than is ingested in the food. Certain proportions of all the amino-acids are required in the construction of most tissue proteins. If one is missing the protein cannot be constructed and the remaining amino-acids are rapidly burnt off. The missing amino-acid is thus in the position of a limiting factor, a "key" component, in protein synthesis and wastage will continue until it is supplied in sufficient amounts. Under normal conditions in Western civilizations protein deficiency states usually occur secondary to some illness. This may be a structural lesion of the alimentary tract, such as a carcinoma of the cesophagus, which bars access of food to the gut; a gastro-colic fistula, which short circuits food past the small intestine; or an operative procedure on the gut itself. On the other hand, the illness may be a disturbance of function.
Anorexia is a common cause of latent, and more rarely of manifest, protein deficiency. It may arise from mental causes, as in anorexia nervosa, or lesions in the alimentary tract such as alcoholic gastritis. But it has only recently been realized that protein deficiency itself produces anorexia and that this is related to the absence of particular amino-acids. Thus, in the absence of methionine the food intake of rats falls to very low levels. Addition of a few milligrammes of this substance restores the appetite to normal although the amount in the diet is still insufficient to meet other requirements. The addition of the other sulphur-containing amino-acid, cystine, is, however, of no benefit (Glynn, Himsworth and Neuberger, 1945) . A vicious cycle is thus set up by anorexia and this may explain the disappearance of appetite on starvation and the common clinical observation that, once a case of anorexia nervosa has been forced to eat, appetite may rapidly return.
Failure to digest dietary protein into amino-acids would, if it occurred, be a potent cause of protein deficiency and according to tradition such a failure occurs in extreme starvation. But little evidence in support of this view has been obtained in modem studies on starvation. What has been obtained, however, is evidence that absorption of amino-acids from the gut is retarded in starved patients who suffer also from diarrhoea. At Belsen camp there were many such patients and hydrolysed casein given to them by mouth passed through the gut and appeared as a solution of amino-acids in the diarrheeic stools (Dent, Pitt-Rivers and Vaughan, 1945) . It cannot, therefore, be assumed that benefit will accrue from the oral administration of pre-digested protein to cases of diarrhoea and, indeed, observations on the above patients suggest that the preparations then available had no advantage over skim milk powder. It is, however, likely that in profuse small intestinal diarrhoea, such as occurs in typhoid fever or regional ileitis, much ingested protein may be lost and parenteral administration of suitable protein may be the only effective way of restoring the nutrition of such cases.
Specific amino-acid deficiencies can rarely, if ever, arise from a general shortage of protein, whether produced directly or indirectly. They may, however, arise secondary to other causes. A poison may react with a particular amino-acid, producing a substance inutilizable in metabolism, and thus lead to a conditioned amino-acid deficiency.
HYPOPROTEINAMIA The maintenance of a normal level of protein in the plasma requires the ingestion of adequate dietary protein. Not all protein foods are equally useful (Madden and Whipple, 1940; Whipple, 1942) . Beef serum is fiv¢ times as effective as beef stomach and there is some evidence that, under certain conditions, sulphur-containing aminoacids occupy a key position in the synthetic proc'ss (Whipple, 1942; Glynn, Himsworth and Neuberger, 1945) . Plasma albumin, together with the two globulins, fibrinogen and prothrombin, are apparently formed in the liver. The source of the remaining plasma globulins is not certain but the association of hyperglobulinemia with proliferation of the reticulo-endothelial system suggests that they may originate in that tissue. Arising from different sources, and varying so independently in disease, there would seem to be as little theoretical justification as there is clinical value in the common practice of expressing the state of the plasma proteins by the albumin-globulin ratio.
Of the plasma proteins albumin is most susceptible to abnormal conditions. In starvation, either direct or indirect, it falls relatively quickly while plasma globulin is affected little if at all. Owing to the small size of rits molecule it readily escapes from the blood when capillary permeability is increased as happens in the renal glomerulus in nephritis.-It is apparently synthesized more slowly than the globulins and even mild liver damage is sufficient to retard this sytithesis. But despite the different origin of albumins and most globulins the levels df one in the plasma is not without influence on the other. If the protein intake is satisfactory, yet hypo-albuminmmia develops either from loss or deficient synthesis,: then slowly the plasma globulin concentration increases until the total concentration of protein in the plasma may equal, or even surpass, the normal level. The reason for this increase is not clear but it, at least, serves a useful purpose in raising the reduced colloidal osmotic tension of the blood.
CEdema is the most striking objective manifestation of hypoproteinemia, and commonly appears when the total plasma protein level falls below 4-5 to 5 grammes/ 100 c.c. It is, however, more closely correlated with the albumin fraction and this is to be expected as albumin contributes most to the colloidal osmotic tension of the blood. Whether the fall is produced by deficient formation, as in starvation and liver disease, or by depletion, as in nephrosis or1 exudation, if the plasma albumin falls below 3 grammes/100 c.c. cedema appears (Blruckman and Peters, 1930) only to disappear when the level is restored by transfusion of albumin (Thorn, Armstrong and Davenport, 1946) . Hypoproteinxmia, how ver, only predisposes to cedema. Adequate amounts of water and salt are require1 for its formation. Dehydration, therefore, from any cause may prevent its development so that cedema may cnly appear in the course of treatment when fluid is reptored to the body. This has been a common experience in the treatment of hunger cedema complicated by dysentery and, in civil practice, accounts for the cedema which may develop in wasted diabetics after the polyuria is controlled by insulin. It is, however, doubtful whether all cases of famine cedema can be explained on these lines. Some can (Leyton, 1946) and hypoproteinemia probably plays its part in most. But under conditions of famine other deficiencies are present and indications have been obtained that these may introduce another factor, probably that of increased capillary permeability (Keys, Taylor, Mickelsen and Henschel, 1946) .
The plasma proteins occupy a peculiarly important position in relation to protein metabolism for their level in the blood depends upon the protein content of the body tissues in general. It is a common clinical observation that, when blood transfusions of ordinary size are given to hypoproteinemic patients, the added plasma proteins rapidly leave the circulation although the blood corpuscles remain behind. Considerable light has been thrown upon the significance ofthis phenomenon by experiments upon dogs made hypoproteinmmic by dietary deficiency. These showed that 30 grammes of albumin had to be retained in the body to secure an increase of 1 gramme in the circulation, and conversely that to lower the total circulating albumin by 1 gramme the body had to be depleted of 30 grammes (Sachar, Horvitz and Elman, 1942 (Du Bois, 1936) . The destruction of protein is due neither to the raised metabolism nor to the fever for the protein breakdown in fever is greater than in normal subjects whose metabolism has been elevated to the same degree by exercise (Kocher, 1914) , and is not augmented in pyrexias induced by external temperature (Graham and Poulton, 1912-13) . It is apparently referable to some unknown process initiated by the illness itself which has been loosely termed "toxic destruction". If this term is taken to imply a process due to an extrinsic toxin it is probably a misnomer for Cuthbertson (1928) has demonstrated that a similar destruction and elevation of the metabolic rate occurs after injury even when this is of a relatively minor character. This finding has been confirmed after fractures, dislocations, burns and surgical operations (Cuthbertson, 1945) and it now seems evident that the process is a reaction of the body itself. The sequence of events seems to be the same in each case but can be studied in its simplest form after a single injury. Shortly after injury the nitrogen breakdown begins to increase and reaches its maximum on the second to eighth day. It then sinks back to normal in a week or ten days and thereafter the phase of convalescence follows which may last for several weeks, and in which more protein is stored than is destroyed. Finally the body again comes into nitrogen equilibrium and excretion equals intake.
The relationship of dietary protein to this train of events is of importance. In the stage of active breakdown the loss can be mitigated by increasing the intake of protein but it can rarely be prevented entirely even by enormous amounts of dietary protein. As the rat-of breakdown diminishes, however, it becomes correspondingly easy to promote retention of protein by augmenting the intake and, in the convalescent phase, the deficit may be rapidly replaced, and the duration of this phase shortened, by dietary measures. The degree of protein breakdown is influenced by two further factors. It is increased when atrophy consequent upon inactivity is allowed to occur; when the previous nutrition is poor it may be absent.
The significance of this reaction is not yet clear. The excessive excretion of nitrogen in the first ten days after a simple fracture may be equivalent to 8 % of the total body protein, that is about four times the total protein content of the liver. If this large loss were a local event, confined to the region of the injury, it could not escape detection. The excessive protein destruction seems to involve the body tissues as a whole and the associated excessive excretions of phosphorus and sulphur indicate that it is largely derived from muscle. Cuthbertson (1932) has suggested that the purpose of this generalized breakdown of body protein is to provide large amounts of aminoacids necessary for repair, and so render the healing process independent of the intake of dietary protein. Implicit in this suggestion is the idea that certain key amino-acids are in great demand and that the excessive excretion of nitrogen arises from the destruction of the excess of other amino-acids which are less urgently required in the repair process but which are simultaneously released when body protein is broken down. In support of this suggestion is the observation that dietary supplements of methionine reduce conspicuously the excretion of nitrogen following experimental burns (Croft and Peters, 1945) . Of the mechanism initiating such protein destruction there is no certain knowledge. That it can be influenced by endocrine factors has been shown (Cuthbertson, Shaw and Young, 1941; Josiah Macy Foundation Report, 1942) , but that these are responsible for the actual event has not been established.
The practical importance of these observations has not yet been fully realized. It seems probable that loss of body proteins is responsible for the wasting and cachexia, termed "wound phthisis" (Rusakow, 1943) which follows infected injuries. It may well underlie the "toxic anaemia'" of chronic infections and those following burns. It may be the reason why Eastern troops, on low protein diets, as compared with white troops on adequate protein diets, show more physical deterioration, more complications like anemia and require protracted convalescence, after injury or infection. These points require further investigation but the immediate practical indications are clear. Before operation any depletion of the protein stores of the body should be remedied. In the acute stage of short illnesses, or for the first few post-operative days, the intake of protein should be maintained at reasonable levels but, as most will be destroyed, metabolism need not be overloaded by forcing it to high levels. In protracted illnesses, however, every gramme of protein prevented from destruction counts and the protein intake should be maintained if necessary by parenteral feeding. But as soon as improvement appears the level of intake should be forced up and thereafter, and throughout convalescence, should not fall below 150 grammes daily. Statistical evidence that such measures are of practical value is difficult to assess but clinical impression of the increased well-being which results when these principles are acted upon justifies their adoption in practice.
ANAMIA
The work of Whipple and his school (Madden and Whipple, 1940; Whipple, 1942) has clearly established that the production of haemoglobin is dependent upon the quality and quantity of the dietary protein. In recent years increasing evidence has accumulated that tropical macrocytic anmmia is of dietary origin and in particular may be associated with deficiency of dietar3 protein (Wills and Mehta, 1929-30; Wills, 1933-34; Wills and Evans, 1938; Trowell, , 1943 Upadhyay, 1944; Taylor and Chhuttani, 1945) . Experimentally deficiency of the essential aminoacids lysine (Harris, Neuberger and Sanger, 1943) , phenylalanine (Maun, Cahill and Davis, 1945) or methionine (Glynn, Himsworth and Neuberger, 1945) 
